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Botulism is generally a fatal disease caused by ingestion of neurotoxins produced by
Clostridium botulinum. The present study describes the epidemiological, clinical, and laboratory
aspects of a type C botulism outbreak in free-living aquatic birds residing in an urban park
in Quirinopolis, Goias, Brazil. Among a population of approximately 80 waterfowl, a total of
30 birds, including ducks (Cairina moschata), teals (Anas platyrhynchos), and geese (Anser
cygnoides), died within 10 days. Of these, six birds showed signs of flaccid paralysis of the
pelvic limbs, eyelids, neck, and wings. To confirm the suspicion of botulism, four lake water
samples, two samples of the feed consumed by the birds, and samples of serum, intestinal
content, stomach content, and liver tissue from two teals that died after presenting clinical
signs were analyzed. Using bioassay and neutralization with homologous antitoxin in mice,
it was possible to detect the presence of botulinum toxin type C in a water sample and in the
intestinal content of one of the necropsied teals. Additionally, the presence of C. botulinum
type C was identified in the lake water using polymerase chain reaction. Based on the clinical
signs and laboratory results, a diagnosis of botulism caused by botulinum toxin type C was
confirmed with probable transmission by lake water.

INDEX TERMS: Clostridium botulinum, flaccid paralysis, avian botulism, botulinum toxins, birds,

waterfowl, Brazil.

RESUMO.- [Surto de botulismo tipo C em aves aquaticas de
vida livre em Goias.] O botulismo é uma doencga geralmente
fatal, causada pela ingestdo de neurotoxinas produzidas pelo
Clostridium botulinum. O presente estudo descreve os aspectos
epidemiolégicos, clinicos e laboratoriais de um surto de botulismo
tipo C em aves aquaticas de vida livre habitantes de parque
urbano em Quirinépolis, Goids. De uma populagio de cerca
de 80 aves aquaticas, um total de 30 aves, entre patos (Cairina
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moschata), marrecos (Anas platyrhynchos) e gansos (Anser
cygnoides), morreram no intervalo de 10 dias. Destes, seis aves
apresentaram sinais de paralisia flacida de membros pélvicos,
palpebras, pescogo e asas. Para confirmar a suspeita de botulismo,
foram analisadas quatro amostras da 4gua do lago, duas amostras
da ragdo consumida pelas aves e amostras de soro, contetido
intestinal, contetido estomacal e figado de dois marrecos que
morreram ap6s apresentarem os sinais clinicos. Pelo bioensaio
e neutralizacdo com antitoxina homéloga em camundongos foi
possivel detectar a presenca de toxina botulinica tipo C em uma
amostra de agua e no conteddo intestinal de um dos marrecos
necropsiados. Adicionalmente, pela reagdo em cadeia da polimerase
identificou-se a presenca de C. botulinum tipo C na agua do
lago. Com base nos sinais clinicos e resultados laboratoriais
estabeleceu-se o diagndstico de botulismo causado pela toxina
botulinica tipo C e veiculada provavelmente pela 4gua do lago.

TERMOS DE INDEXACAO: Botulismo, surto, aves aquaticas, Clostridium
botulinum, Brasil.
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INTRODUCTION

Surveillance and monitoring of mortality events in free-ranging
animals are important tools for elucidating and preventing
epizootic outbreaks (Morner et al. 2002). Botulism is a
disease of great relevance in waterfowl worldwide and has
the potential to cause a decline in the population of several
species due to its high lethality (Rocke 2006). Outbreaks of
avian botulism are associated with ingestion of preformed
botulinum neurotoxins in decaying organic matter, stagnant
water, and fly larvae and other invertebrates present in
carcasses (Rocke & Bollinger 2007).

Clostridium botulinum is a sporulating and putrefactive
anaerobic microorganism that is widely distributed in nature,
soil, and sediments of lakes and seas. Under anaerobic
conditions, spores can germinate, transform into a vegetative
form, and produce neurotoxins (Scarcelli & Piatti 2002). To
date, eight different botulinum neurotoxin serotypes with
similar pharmacological actions have been identified and
classified in A, B (Burke 1919), C (Bengston 1922), D (Gunnison
& Meyer 1929), E (Gunnison et al. 1936), F (Moller & Scheibel
1960), G (Gimenez & Ciccareli 1970) and H (Barash & Arnon
2014). Regarding birds, serotypes C and C/D are the most
reported in outbreaks, although types E and A can also be
associated with botulism outbreaks in birds (Linares et al.
1994, Neimanis et al. 2007, Chipault et al. 2015, Badagliacca

etal. 2018, Lima et al. 2020, Rosciano et al. 2021, Rogers et
al. 2021, Quevedo et al. 2022).

When ingested, botulinum toxin is absorbed in the
gastrointestinal tract and spreads to the presynaptic
membrane of the neuromuscular junction, blocking the
release of acetylcholine and resulting in transmission failure
of nerve impulses at the nerve fiber junctions, leading to the
absence of acetylcholine, muscle contraction, and consequent
flaccid paralysis. The speed and severity of clinical signs are
proportional to the amount of toxin ingested. Affected birds
show signs of progressive weakness, motor incoordination,
paresis, flaccid paralysis of skeletal muscles, and inability to
fly, walk, and keep the head upright (Trampel et al. 2005).

In Brazil, there are few reports on the occurrence of
botulism in free-ranging waterfowl. Thus, the present study
aimed to describe a type C botulism outbreak in a population
of free-living waterfowl, including ducks (Cairina moschata),
teals (Anas platyrhynchos), and geese (Anser cygnoides), in
the municipality of Quirinépolis, Goias, Brazil.

MATERIALS AND METHODS

Outbreak description. An outbreak of botulism in free-living
waterfowl occurred in the lake region of Parque da Liberdade
(longitude UTM: 559768.00; latitude UTM: 7959439.00), an urban
park of approximately five hectares located in the municipality of
Quirindpolis, Goias, Brazil (Fig.1). The municipality has an area of

=
2
™
&
-
~

559800.0

s

O
P

\/

.}’-

s

Legend

[ parque da Liberdade
[ Quirindpolis

[ Goias

[ Brazil States

Datum: SIRGAS 2000
UTM Coordinates, Zone 22 South
State and municipal limits: IBGE (2020)
Sateliite image: Google Earth

Fig.1. Parque da Liberdade location map. On the left, a detailed view of the urban park where the outbreak of botulism in waterfowl occurred.
On the right, the location of Parque da Liberdade in the city of Quirinépolis, Goias, Brazil.
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3,786,026 km? and an estimated population of 51,323 inhabitants
(IBGE 2021). At the time of the outbreak, the park waterfowl population
consisted of approximately 80 animals, including ducks (Cairina
moschata), teals (Anas platyrhynchos), and geese (Anser cygnoides).

In October 2021, the park’s lake was repaired, and the water was
partially drained, exposing submerged soil and organic matter. The
presence of decomposing garbage on the lake shores has also been
reported. An epidemiological survey on the mortality of aquatic
birds in the park was carried out by the Sanitary Surveillance team
of the municipality of Quirindpolis after a complaint of the presence
of dead birds in the park at the end of October.

A total of 30 waterfowl died, including 17 ducks (C. moschata),
11 teals (Anas platyrhynchos), and two geese (A. cygnoides). Of these,
six birds showed clinical signs of flaccid paralysis of the hind limbs,
wings, neck, and eyelids, which progressed to death (Fig.2). The
birds were fed on the ground with a mixture of sorghum, corn, and
bran, and the lake was the only source of water.

Laboratory diagnosis. Based on the clinical signs and history of
lake repair, botulism was suspected. For the detection of botulinum
toxin, four 50mL samples of lake water and two 150g samples of
feed offered to the birds were collected. Two adult male teals (Anas
platyrhynchos) that showed clinical signs were necropsied, and liver,
stomach content, intestinal content, and serum samples were collected.
In the macroscopic examination, the birds had a healthy nutritional
status, and no macroscopic lesions were observed at necropsy.

The samples (liver, stomach content, intestinal content, and
serum) collected from the two teals and the water samples were
processed and analyzed for botulinum toxin through the standard
bioassay technique in mice at the Laboratory of Bacteriology at the
“Escolha de Veterinaria e Zootecnia” (School of Veterinary and Animal
Science) at the “Universidade Federal de Goias” (UFG). Samples were
inoculated (0.5mL) intraperitoneally into mice with body weights
ranging from 20 to 25 grams, according to the procedures described
by Smith (1977). Meanwhile, specimens from the same samples
were heated at 85°C for 20 minutes and inoculated into additional
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Fig. 2. Three birds, from Parque da Liberdade, showing clinical signs
of flaccid paralysis.

mice, which remained under observation for seven days. The typing
of positive samples in the mice bioassay was performed by means
of seroneutralization (Smith 1977) with botulinum antitoxin types
C and D. Bioassay technique in mice was approved by the Ethics
Committee on Animal Use of UFG (Protocol No. 024/20).

Additionally, water and feed samples were seeded in Wright’s
medium and incubated at 37°C for 5 days for indirect detection
of Clostridium botulinum spores. Then, the mice were inoculated
with the supernatant (0.5mL) and monitored for seven days. The
presence of C. botulinum types C and D in samples of lake water
and feed supernatant seeded in Wright's medium was evaluated by
polymerase chain reaction (PCR) with the use of specific primers
(Prévotetal. 2007). Amplifications were performed in 20pl volumes
containing 11.5ul water for PCR, 1pl Taq Solis BioDyne (Solis BioDyne,
Estonia), 1ul of each primer pair (Invitrogen, Brazil and 2.5ul of the
sample. This amplification was performed in a PCR thermocycler
(Swift™ MaxPro Thermal Cycler, Esco Healthcare Pt Singapore)
programmed for one cycle at 95°C for 5 minutes, and 40 cycles at
94°C for 30 seconds, an annealing step at 55°C for 30 seconds, and
an extension step at 72°C for 30 seconds, and a final extension of
10 minutes at 72°C (Prévotetal. 2007). PCR amplification products
were subjected to electrophoresis on 1% agarose gel and as positive
controls were used DNA samples of reference strains.

RESULTS

Botulinum toxin was identified in one of the four water
samples collected from the lake, and in the intestinal content
of one of the necropsied teals (Table 1). Thus, mice inoculated
with these samples developed paralysis and dyspnea (“wasp
waist”) and died within 12 to 24 hours after inoculation. None
of the mice inoculated with the heat-treated samples showed
any clinical symptoms. In the feed samples, the presence of
botulinum toxin or even the presence of the bacteria through
the culture was not detected (Table 1).

Using the serum neutralization technique in mice,
botulinum toxin type C was detected in a water sample and
an intestinal contents sample (Table 1). By PCR, the presence
of Clostridium botulinum type C was identified in two water
samples collected from the lake (Table 1, Fig.3).

Table 1. Results of the direct search for botulinum toxin
in biological samples of aquatic birds, water and feed by
the mouse bioassay and the identification of Clostridium

botulinum in water and feed samples by PCR

Tested sample Mouse Seroneutralization

Kok
(N*) bioassay (N**) in mice PCR (N™)
Water (4) Positive (1)  Botulinum toxin Clostridium
type C botulinum type C (2)
Feed (2) Negative Negative
Intestinal Positive (1)  Botulinum toxin Unperformed
content (2) type C
Stomach Negative - Unperformed
content (2)
Liver tissue (2) Negative - Unperformed
Serum (2) Negative - Unperformed

N* = number of samples tested, N** = number of positive
samples for the detection of botulinum toxin, N*** = number
of positive samples for the identification of Clostridium
botulinum.
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Fig. 3. Clostridium botulinum type C identified by PCR in two water
samples collected from the lake of Parque da Liberdade, Quirindpolis,
Goias, Brazil. Positive control type C Clostridium botulinum (1),
negative control (2), water sample 1: positive result (3), water
sample 2: positive result (4), water sample 3: negative result (5),
water sample 4: negative result (6).

DISCUSSION

The diagnosis of botulism is based on the clinical signs
presented by the affected animals, by the history of a rapid
increase in mortality of animals with flaccid paralysis, in the
absence oflesions in the post mortem examination and in the
laboratory confirmation (Uzal etal. 2016). Thus, the reported
clinical observations and epidemiological data reinforced the
suspicion of botulism as a cause of mortality in the park’s
birds. However, a definitive diagnosis of botulism must be
based on the detection and classification of botulinum toxin(s)
in samples collected from suspected animals or in water and
food samples (Rocke & Bollinger 2007, Uzal et al. 2016).

The mouse bioassay is specific and sensitive and is still
considered the gold standard for the detection and identification
of botulinum toxins. However, false negative results are common
because some species are more sensitive to botulinum toxin
than mice or because there is no more toxin circulating at
the time of collection. In addition, the bioassay is a laborious
and time-consuming method, presents a high cost, there is a
need for its own facilities to maintain mice and ethical issues
(Uzal et al. 2016).

The results of the bioassay in mice indicated the presence
of botulinum toxin in the water collected from the lake at the
park inhabited by the birds and in the intestinal content of
one of the teals that showed clinical signs of flaccid paralysis.
Through serum neutralization in mice, it was possible to identify
botulinum toxin type C in these samples. These laboratory
results, as well as the clinical and epidemiological history,
confirmed the diagnosis of botulism type C as the cause of
waterfowl mortality in the park.

Conditions considered favorable for botulism outbreaks in
waterfowl include large amounts of protein-rich organic matter,
little available oxygen, high temperatures, and shallow water.
The drainage of natural and artificial aquatic environments
can favor the multiplication of Clostridium botulinum and the
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occurrence of outbreaks, as it predisposes the accumulation
of organic matter and decreased oxygen availability (Lima
et al. 2020). Botulism outbreaks usually occur during the
warmest months of the year (Rocke & Bollinger 2007) and
October is considered the warmest month of the year in the
city of Quirinépolis, Goias, which coincides with the time of
the outbreak (Weather Spark 2022).

Thus, the recent maintenance history of the lake, associated
with the presence of organic matter and favorable climatic
characteristics, may have contributed to the establishment of an
environment conducive to Clostridium botulinum multiplication
and the production of botulinum toxin, culminating in the
occurrence of botulism in birds that drank the lake water.
All bird species involved in the outbreak are part of the
Anatidae family and are considered filtering animals; that
is, they have the ability to remove food from water through
a filtering process (Carboneras 1992). Thus, the detection
of bacteria and botulinum toxin type C (Table 1) in water
samples reinforces the suspicion that the contamination origin
was the lake environment itself and that the water was the
vehicle for intoxication. However, sediment samples were not
collected and analyzed, which may have provided important
complementary information as evidence of such suspicion.

In Goias, waterborne botulism in cattle is associated with
environmental contamination by bacteria, epidemiological
conditions that culminate in the accumulation of decomposing
organic matter, and variations in water levels in the wells and
its use in watering animals (Souza et al. 2011). In birds, several
risk factors for water intoxication have been identified, such
as the presence of organic matter in the water source and
stagnant water reservoirs, such as puddles and ponds. These
water sources are considered more problematic in the dry
season because of the reduction in water levels, which can
lead to the exposure of decomposing organic matter thereby
increasing the risk of intoxication, since the toxins are more
concentrated (Galvin et al. 1985, Lobato et al. 2013, Anza et
al. 2016). Thus, these scenarios and some of the variables
were probably present at the time of the botulism outbreak
in birds in Quirindpolis.

Botulism is a disease characterized by high mortality and
lethality. Among approximately 80 birds residing in the park,
30 died, resulting in a total mortality rate of 37.5%: 17 ducks
(56.6%), 11 teals (36.6%), and two geese (6.6%). Several
episodes involving mortality of different bird species by
botulism in different epidemiological situations have already
been described. In poultry, outbreaks of botulism associated
with the consumption of fly larvae and decaying organic
matter have been described in turkey (Meleagris gallopavo)
and chicken (Gallus domesticus) farms, with high mortality
(Lobato et al. 2009, Alves et al. 2013).

Outbreaks of water botulism have been described in
chickens (G. domesticus), ducks (Anas platyrhynchos), guinea
hens (Numida meleagris), teals (Anas querquedula), and
turkeys (Meleagris sp.) that ingested water contaminated
with organic matter or from sewage systems (Olinda et al.
2015, Quevedo et al. 2022). In the present study, botulinum
toxin was detected in the water of the lake where the birds
lived and fed.

Lima etal. (2020) reported an outbreak of type C botulism
in wild and migratory waterfowl at the Sobradinho Dam. At
that time, the level of the dam was low, which caused the
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formation of shallow and isolated lakes with large amounts of
decomposing organic matter, where dead or weakened birds
were found. In the present study, very similar epidemiological
situations occurred in the lake at Parque da Liberdade in
Quirinépolis, causing waterfowl mortality.

Outbreaks with high mortality rates in birds may be
related to botulism, West Nile virus, and other arboviruses,
avian influenza, species of the genus Flavivirus, and heavy
metal poisoning (Jones et al. 1983, Scaramozzino etal. 2001,
Spackman et al. 2002, Manarolla et al. 2010, Wlodarczyk
et al. 2014). In the present outbreak, the presence of birds
with clinical signs of flaccid paralysis of the limbs, wings, and
neck helped to direct the suspicion of botulism, which was
confirmed by the detection of botulinum toxin in samples
collected from diseased birds and lake water.

In some countries, experimental immunization against
botulinum toxin in birds as a preventive measure has shown
positive results in reducing mortality in outbreaks (Martinez
& Wobeser 1999, Rocke et al. 2000, Arimitsu et al. 2004).
However, there are no reports on immunization of birds with
clostridial vaccines in Brazil. Thus, preventive measures aimed
at preventing new outbreaks resulting from the ingestion of
botulinum toxin represent a challenge in the management of
bird populations in urban aquatic environments. Measures
such as monitoring the presence of carcasses, garbage,
decomposing organic matter, and standing water represent
some possible actions that can be established in urban areas.

CONCLUSION

Based on clinical signs, epidemiological data, and laboratory
results, waterborne botulism type C was diagnosed as the
cause of mortality in free-ranging waterfowl at Parque da
Liberdade in Quirinépolis, Goias, Brazil.
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